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(57) The present invention provides a white organic 
light-emitting element high in the emission efficiency. In 
particular, the invention provides a white organic light- 
emitting element that has an emission spectrum having 
peaks in the respective wavelength regions of red color, 
green color and blue color and is high in the emission 
efficiency. 

Since a spectrum region lowest in the emission ef- 
ficiency is a red region, by introducing a reddish phos- 
phorescent material , a highly efficient white organic 
light-emitting element is obtained. At this time, in order 



to inhibit the reddish phosphorescent material from sin- 
gularly emitting, as shown in Fig. 1 , a distance between 
a second emission region 114 where a reddish phos- 
phorescent material 124 is a luminescent material and 
a first emission region 113 that exhibits emission in a 
shorter wavelength side than the second emission re- 
gion is separated. In a configuration shown in Fig. 1, it 
is preferable to use an electron transport material in a 
layer 115 between the first emission region and the sec- 
ond emission region and more preferable to use a hole 
block material. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an organic 
light-emitting element that comprises an anode, a cath- 
ode, and a layercontalning an organic compound (here- 
inafter, electroluminescent layer) that generates light by 
applying electric field through the electrodes; and a 
light-emitting device that comprises the organic light- 
emitting element. Specifically, the present invention re- 
lates to a light-emitting element that exhibits white emis- 
sion and a full color light-emitting device comprising the 
organic light-emitting element. 

BACKGROUND ART 

[0002] An organic light-emitting element emits light 
when electric field is applied thereto. The emission 
mechanism Is a carrier injection type. That is, by apply- 
ing voltage through a pair of electrodes that interposes 
an electroluminescent layer therebetween, electrons in- 
jected from a cathode and holes injected from an anode 
are recombined within the electroluminescent layer to 
form molecules in excited states (hereinafter, excited 
molecule), and the excited molecules return to the 
ground state while radiating energy to emit light. 
[0003] There are two excited states possible from or- 
ganic compounds, the singlet state and the triplet states. 
Light emission from the singlet state is referred to as 
fluorescence and the same from the triplet state is re- 
ferred to as phosphorescence. 

[0004] In such organic light-emitting element, an elec- 
troluminescent layer is generally formed to have a thick- 
ness of below 1 }im. Further, since the organic light- 
emitting element is a self-luminous element in which an 
electroluminescent layer emits light, a back light used 
for the conventional liquid crystal display device is un- 
necessary. Therefore, the organic light-emitting element 
has a great advantage of being manufactured to have 
a ultra thin film thickness and light weight. 
[0005] In the case of an electroluminescent film with 
a thickness of approximately 1 00 nm to 200nm, the time 
between the injection of carriers and their recombination 
is about several ten nanoseconds considering the car- 
rier mobility. Hence, the time required for the process of 
injecting carriers and emitting light of the electrolumi- 
nescent layer is on the order of microsecond. Thus, an 
extremely high response speed is one of the advantag- 
es thereof. 

[0006] Further, since an organic light-emitting ele- 
ment is carrier injection type, it can be driven by a direct 
current voltage, thereby noise is hardly generated. With 
respect to a drive voltage, an electroluminescent layer 
is formed into a uniform ultra thin film having a thickness 
of approximately 1 0Onm, and a material for an electrode 
is selected to reduce a carrier injection barrier Further, 
a hetero structure (two-layers structure) is introduced. 



Accordingly a sufficient luminance of lOOcd/m^ can be 
obtained at an applied voltage of 5.5V (non-patent liter- 
ature 1 : C. W. Tang and S. A. VanSlyke, Applied Physics 
Letters, vol. 51, No. 12, pp. 913-915(1987)). 

5 [0007] An organic light-emitting element has been at- 
tracted attention as a next generation's device for a flat 
panel display in terms of the thin thickness and light 
weight, the high response speed, the direct low voltage 
operation, or the like. In addition, the organic light-emit- 

10 ting element can be used effectively as the element for 
the display screen of a portable electric appliance in 
terms of the self luminous type, the wide viewing angle, 
and the high level of visibility. 

[0008] Wide variations of emission color is also one 
15 of the advantages of the organic light-emitting element. 
Richness of color is resulted from the multiplicity of an 
organic compound itself. That is, an organic compound 
is flexible enough to be developed to various materials 
by designing molecules (such as introducing substitu- 
te ent). Accordingly, the organic light-emitting element is 
rich in color. 

[0009] From these viewpoints, it would not be an over- 
statement to say that the biggest application area of an 
organic light-emitting element is a full color flat panel 

25 display device. Various means for full colorization have 
been developed in view of characteristics of the organic 
light-emitting element. At present, there are three pri- 
mary methods of forming the structure of a full color 
light-emitting device by using the organic light-emitting 

30 element. 

[0010] First, the method that organic light-emitting el- 
ements having three primary colors, that is, red (R), 
green (G), and blue (B) are patterned, respectively, by 
shadow mask technique to serve them as pixels (here- 

35 inafter, RGB method) . Second, a blue organic light-emit- 
ting element is used as a light emission source, and the 
blue emission is converted into green or red by color 
changing material (CCM) made from phosphorescent 
material to obtain three primary colors (hereinafter, 

40 CCM method). Third, a white organic light-emitting ele- 
ment is used as a light emission source, and a color filter 
(CP) used for a liquid crystal display device or the like 
is provided to obtain three primary colors (hereinafter, 
CF method) 

45 [0011] Among these, in the CCM system and the CF 
system, an organic light-emitting element that is used 
therein emits monochromatic light such as blue (CCF 
system) or white (CF system); accordingly, different 
from the RGB system, precise separate coating by use 

50 of a shadow mask is not necessary. Furthermore, a color 
conversion material or a color filter can be manufactured 
according to an existing photolithography technique, 
and there is no need of complicated processes. Still fur- 
thermore, otherthan merits from a process point of view, 

55 there is another advantage in that since only one kind 
of element is used, the brightness varies uniformly with 
time; accordingly, the color shift or irregular brightness 
with time are not caused. 
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[0012] However, in case of adopting the CCM meth- 
od, there has been a problem in red color since color 
conversion efficiency of from blue to red is poor in prin- 
ciple. I n addition, there has been a problem that the con- 
trast becomes deteriorated since a color conversion ma- 
terial itself is fluorescent so that light is generated in pix- 
els due to outside light such as sunlight. CF method has 
no such problems since a color filter is used as well as 
the conventional liquid display device. 
[001 3] Accordingly, although the CF method has com- 
parative few disadvantages, the CF method has a prob- 
lem that a high efficient white organic light-emitting ele- 
ment is indispensable to the CF method since a great 
deal of light is absorbed into the color filter. A main- 
stream white organic light-emitting element is the ele- 
ment that combines complementary colors (such as 
blue and yellow) (hereinafter, two wavelengths white 
light-emitting element) instead of white color having the 
peak intensity in each wavelength of R. G. and B (non- 
patent literature 2: Kido et al., "46*^ Applied Physics Re- 
lation Union Lecture Meeting" p1282, 28a-ZD-25 
(1999)). 

[0014] However, considering a light-emitting device 
combined with a color filter, a white organic light-emitting 
element having an emission spectrum with the peak in- 
tensity in each wavelength of R, G, and B (hereinafter, 
three wavelengths white light-emitting element) is desir- 
able instead of the two wavelengths white light-emitting 
element, which was reported in the non-patent literature 
2. 

[001 5] Such three wavelengths white light-emitting el- 
ement has been reported several times (for Instance, 
non-patent literature 3; J. Kido at al.. Science, vol. 267, 
1332-1334 (1995)). However, such three wavelengths 
while light-emitting element is inferior to the two wave- 
lengths white light-emitting element in terms of luminous 
efficiency, consequently, significant improvement is re- 
quired. 

[0016] Furthermore, irrespective of two-wavelength 
type or three-wavelength type, white emission can be 
applied also to lighting and so on. From such meaning 
too, development of a highly efficient white organic light- 
emitting element is desired. 

DISCLOSURE OF THE INVENTION 

(Problems that the Invention is to Solve) 

[0017] In this connection, the present invention in- 
tends to provide a while organic light-emitting element 
that is high in the emission efficiency. In particular, the 
invention intends to provide a white organic light-emit- 
ting element that has an emission spectrum that has 
peaks in the respective wavelength regions of red color, 
green color and blue color and is high in the efficiency. 
[0018] Furthermore, the invention intends, by manu- 
factunng a light-emitting device with the organic light- 
emitting element, to provide a light-emitting device that 



is lower in the power consumption more than ever In 
the present specification, "a light-emitting device" indi- 
cates a light-emitting device or an Image display device 
that uses an organic light-emitting element. Further- 

5 more, al! of a module in which to an organic light-emitting 
element a connector such as a flexible printed circuit 
(FPC) or a TAB (Tape Automated Bonding) tape or a 
TCP (Tape Carrier Package) is attached, a module in 
which to a tip end of the TAB or TCP a printed wiring 

10 board is disposed, or a module in which an IC (integrat- 
ed circuit) is directly mounted on an organic light-emit- 
ting element according to a COG (Chip On Glass) meth- 
od are included in the light-emitting device 

15 (Means for Solving the Problems) 

[0019] In the case of a white emission spectrum, in 
particular, an emission spectrum having peaks in the re- 
spective wavelength regions of red color, green color 

^0 and blue color, it is considered that a spectrum region 
poorest in the emission efficiency is a red region. This 
Is because the emission efficiencies of red emitting ma- 
terials are generally lower than that of others. In view of 
the circumstance, the present invention intends to real- 
ms ize a highly efficient white organic light-emitting element 
by introducing a reddish phosphorescent material. 
[0020] A phosphorescent material is a material that 
can convert a triplet excitation state to emission, that is, 
a material that can emit phosphorescence. It is known 

30 that since in an organic light-emitting element it is con- 
sidered that a singlet excitation state and a triplet exci- 
tation state are generated at a ratio of 1 : 3 , when a phos- 
phorescent material is used high emission efficiency 
can be achieved. 

35 [0021] However, in the case of a red phosphorescent 
material being introduced in a structure of a white or- 
ganic light-emitting element such as shown in non-pat- 
ent literature 2, only the red color is emitted, other com- 
ponents such as blue one or green one cannot be ob- 

40 served. As a result, white omission cannot be obtained. 
That is, since a phosphorescent material easily converts 
excitation energy larger than itself to emission of itself, 
a white organic light-emitting element in which a reddish 
phosphorescent material is introduced can be said to be 

45 difficult to reali7e. 

[0022] The present inventors found, after studying 
hard, that by applying an element structure shown below 
a white organic light-emitting element in which a reddish 
phosphorescent material is introduced can be realized. 

50 [0023] That is, a configuration of the present invention 
is characterized in that in an organic light-emitting ele- 
ment in which an electroluminescent layerthat has a first 
emission region and a second emission region the max- 
imum peak of an emission spectrum of which is located 

55 in a longer wavelength side than the first emission re- 
gion is disposed between an anode and a cathode, 
emission in the second emission region is one from a 
triplet excitation state and the second emission region 
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is located apart from the first emission region. 
[0024] In the above, the second emission region is 
preferably constituted of a host material and a guest ma- 
terial that exhibits emission from a triplet excitation 
state. 5 
[0025] Furthermore, the configurations are particular- 
ly effective when the emission from the first emission 
region is one from a singlet excitation state. Accordingly, 
in the Invention, the emission from the first emission re- 
gion is characterized by being the emission from a sin- 
glet excitation state. In this case, a configuration of the 
first emission region is preferably one that Includes a 
host material and one kind or a plurality of guest mate- 
rials that exhibits emission from a singlet excitation 
state. 

[0026] Still furthermore, a more preferable configura- 
tion in the abovementioned organic light-emitting ele- 
ment according to the invention is one in which the first 
emission region is located toward an anode more than 
the second emission region. In this case, in order to de- 
sign a carrier recombination region in the neighborhood 
of the first emission region, between the first emission 
region and the second emission region, a layer made of 
a hole block material that has an Ionization potential 
largerthan a substance having the largest ionization po- 
tential of substances contained in the first emission re- 
gion Is preferably disposed. A value of the Ionization po- 
tential of the hole block material is preferably 0.4 eV or 
more larger than a value of the ionization potential of a 
substance that has the largest ionization potential of 
substances contained in the first emission region. 
[0027] Furthennore, In the configuration according to 
the invention, in order to allow both of the first emission 
region and the second emission region to emit efficient- 
ly, a distance between the first emission region and the 
second emission region is preferably 1 nm or more and 
30 nm or less. More preferably, it is 5 nm or more and 
20 nm or less. 

[0028] One of intentions of the invention is to manu- 
facture a highly efficient white organic light-emitting el- 
ement. At this time, when light that Is generated from 
the first emission region on a shorter wavelength side 
and light that is generated from the second emission re- 
gion on a longer wavelength side are combined with a 
good balance, high quality white emission can be real- 
ized. Accordingly, an emission wavelength of the first 
emission region and that of the second emission region 
preferably satisfy the conditions below. 
[0029] That is, in the invention, an emission spectrum 
In the first emission region has at least one peak in a 
region of 400 nm or more and 500 nm or less. Alterna- 
tively, it has at least two peaks in a region of 400 nm or 
more and 560 nm or less. 

[0030] Furthermore, an emission spectrum in the sec- 
ond emission region has at least one peak In a region 
of 660 nm or more and 700 nm or less. 
[0031] When the first and second emission regions 
that exhibit emission In the wavelength regions as men- 



tioned above are combined, highly efficient and high- 
quality white organic light-emitting element can be ob- 
tained. 

[0032] Here, as the emission in the first emission re- 
gion, excimer emission can be used. When thus config- 
ured, since emission having two peaks can be easily 
taken out of the first emission region, when this is com- 
bined with the emission from the second emission re- 
gion, white emission having peaks in the respective 
wavelength regions of R, G and Bean be easily realized. 
Accordingly, in the invention, in the case of an emission 
spectrum in the first emission region having at least two 
peaks in a region of 400 nm or more and 560 nm or less, 
the emission In the first emission region includes exci- 
mer emission. 

[0033] in the abovementioned organic light-emitting 
element according to the invention, the emission in the 
second emission region Is one from a triplet excitation 
state. As materials that exhibit such an emission, an or- 
ganometallic complex can be preferably used. Further- 
more, in particular, from the highness of the emission 
efficiency, the organometallic complex that has iridium 
or platinum as a central metal can be preferably used. 
[0034] When a light-emitting device is prepared by 
use of the abovementioned organic light-emitting ele- 
ment according to the invention, a light-emitting device 
having lower power consumption more than ever can be 
provided. Accordingly, the invention includes a light- 
emitting device that uses an organic light- emitting ele- 
ment according to the invention as well. 

(Advantages of the Invention) 

[0035] By practicing the present invention , a white or- 
ganic light-emitting element having high light emission 
efficiency can be provided. Especially, a high efficient 
white organic light-emitting element, which has the peak 
intensity in each wavelength region of red, green, and 
blue, can be provided. Moreover, by manufacturing a 
light-emitting device using the organic light-emitting el- 
ement, a light-emitting device, which operates at lower 
power consumption than that of the conventional light- 
emitting device, can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

Fig. 1 is a diagram showing a basic structure of an 
organic light-emitting element according to the 
present Invention. 

Figs. 2A and 2B are diagrams showing an emission 
mechanism in the organic light-emitting element ac- 
cording to the invention. 

Fig. 3 is a diagram showing a specific element struc- 
ture of the organic light-emitting element according 
to the invention (examples 1 through 3). 
Figs. 4A through 4C are diagrams showing emls- 
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sion spectra of organic light-emitting elements in 
examples 1 through 3. 

Figs. 5A and 5B are schematic diagrams of the light- 
emitting device according to the invention (example 
4). 

Figs. 6A and 6B are schematic diagrams of the light- 
emitting device according to the invention (exam- 
ples 5 and 6). 

Figs. 7A through 7G are diagrams showing exam- 
pies of electric appliances that use the light-emitting 
device according to the invention (example 7). 
Figs. BA through 8C are diagrams showing an ex- 
ample of an electric appliance that uses the light- 
emitting device according to the invention (example 
7). 

Fig. 9 is a diagram showing a basic structure of an 
existing organic light-emitting element. 
Figs, 10A and 10B are diagrams showing an emis- 
sion mechanism in the existing organic light-emit- 
ting element. 

Fig. 11 is a diagram showing a specific element 
structure of the existing organic light-emitting ele- 
ment (comparative example 1). 
Fig, 1 2 is a diagram showing an emission spectrum 
of the organic light-emitting element in comparative 
example 1 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] Embodiments of the present invention will be 
explained below. 

(Embodiment 1) 

[0038] In what follows, of embodiments of the Inven- 
tion, principles of operation and specific examples of 
configuration are cited and detailed. In an organic light- 
emitting element, in order to extract emission, any one 
of electrodes has only to be transparent. Accordingly, 
not only an existing element structure in which a trans- 
parent electrode is formed on a substrate and light is 
extracted from a substrate side but also a structure in 
which light is actually extracted from a side opposite to 
the substrate and a structure in which light is extracted 
from both sides of an electrode can be applied. 
[0039] Firstly, of an existing white organic light-emit- 
ting element that has two emission regions, that is, a 
first emission region and a second emission region a 
maximum peak of an emission spectrum of which is lo- 
cated in a longer wavelength side than the first emission 
region, an example of a basic configuration thereof is 
shown in Fig 9. 

[0040] Fig. 9 shows a structure of an organic light- 
emitting element in which a laminated structure (elec- 
troluminescent layer 903) of a hole transport layer 911 
made of a hole transport material 921 and an electron 
transport layer 912 made of an electron-transporting 
material 922 is sandwiched between an anode 901 and 



a cathode 902. However a first emission region 913 
where a first dopant 923 is added to the hole transport 
layer 911 and a second emission region 914 where a 
second dopant 924 is added to the electron transport 

5 layer 912 are disposed. That is, the hole transport ma- 
terial 921 and the electron transport material 922 each 
work as a host material. Furthermore, both of the first 
emission region 913 and the second emission region 
914 are present in the neighborhood of an interface 91 5 

10 between the hole transport layer 911 and the electron 
transport layer 912. 

[0041] In such a structure, a recombination region of 
carriers is in the neighborhood of the interface 915. 
Since in the neighborhood of the interface 91 5 two kinds 

15 of the first dopant 923 and the second dopant 924 are 
present together, emission processes are competed be- 
tween the two kinds of dopants. At this time, when the 
two kinds of dopants are both fluorescent materials, 
since excitation lifetimes thereof are both similarly short, 

20 unless a Forster type energy transfer condition (an 
emission wavelength of any one of dopants overlaps 
with an absorption wavelength of another dopant) is suf- 
ficiently satisfied, both two kinds can emit. As a result, 
white emission can be realized. 

25 [0042] For instance, though a structure of a white or- 
ganic light-emitting element shown in non-patent litera- 
ture 2 is one that is obtained by further adding another 
electron transport layer and electron injection layer in 
Fig. 9. a basic principle is similar. That is, in the hole 

30 transport layer 911 perylene that is a blue-emitting ma- 
terial Is introduced as the first dopant 923 and in the 
electron transport layer 912 DCM1 that is an orange- 
emitting material is introduced as the second dopant 
924, and thereby white emission is obtained. 

35 [0043] On the other hand, the gist of the invention is 
to aim higher efficiency by Introducing a reddish phos- 
phorescent material in a white organic light-emitting el- 
ement. However even when a reddish phosphorescent 
material is introduced in the structure shown in Fig. 9 as 

^0 the second dopant 924, white omission cannot bo ob- 
tained. For instance, even when an element in which 
perylene that is a blue-emitting material is used as the 
first dopant 923 and as the second dopant 924 2, 3, 7, 
8, 12, 13, 17, 18-octaethyl-21H, 23H-porphyrin-pIati- 

45 num complex (hereinafter abbreviated as PtOEP) that 
is a red phosphorescent material is used is prepared, 
only red emission of PtOEP is observed (described later 
in comparative example 1 ). This is explained as follows. 
[0044] Firstly, in order to obtain white emission in the 

50 element structure, at least perylene that is the first do- 
pant 923 has to emit. That is, a minimum condition is 
that a singlet excitation state of perylene emits light as 
it is. 

[0045] However, as shown in Fig 10A, without re- 
55 stricting to PtOEP, since many of phosphorescent ma- 
terials are small in the ionization potential (a position of 
a HOMO level 1 001 is high) , it f omns a deeper trap level 
to a hole. Accordingly, PtOEP traps a hole, and without 
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exciting perylene, the PtOEP is likely to be directly ex- 
cited. 

[0046] Furthermore, many of the phosphorescent nna- 
terials typical In PtOEP have a broad absorption band 
called a triplet MLCT in a visible light region (this corre- 
sponds lo a lowest triplet excitation state of a phospho- 
rescent material). In addition to this, in the case of the 
Forster type energy transfer an energy transfer from a 
singlet excitation state of one molecule to a triplet exci- 
tation state of another molecule is allowed. This means 
that, as shown in Fig. 10B, even when a substance 
(pcrylcno here) that has emission in a visible light region 
is excited, from the singlet excitation state Sq^ thereof 
to a triplet excitation state Tq2 of the phosphorescent 
material (PtOEP here), a Forster type energy transfer 
1011 can easily occur Accordingly, emission of perylene 
becomes difficult to observe Here, though a triplet ex- 
citation state of perylene is not considered here, since 
perylene is a fluorescent material, the triplet excitation 
state thereof is deactivated or transfers energy to 
PtOEP 

[0047] Still furthermore, since the triplet MLCT ab- 
sorption is generally wide in the band width, an energy 
transfer not only from a blue-emitting substance such 
as perylene but also even from a substance exhibiting 
greenish emission is induced. This phenomenon occurs 
not only in the case where a fluorescent material such 
as perylene is used as an emitting material in the first 
emission region but also similariy in the case where a 
phosphorescent material is used. Accordingly,a white 
organic light-emitting element in which a reddish phos- 
phorescent material is introduced can be realized with 
difficulty. 

[0048] A method of overcoming the problem is to 
make a distance between a first emission region and a 
second emission region more distant and thereby to in- 
hibit an excitation state of the first emission region (sin- 
glet excitation state in particular) from being transferred 
to a triplet excitation state of the second emission re- 
gion. An example of such a basic configuration of the 
invention is shown in Fig. 1 . 

[0049] In Fig. 1, a first dopant (fluorescent material 
here) 123 is added to a hole transport layer 111 that is 
made of a hole transport material 1 21 and thereby a first 
emission region 113 is formed. Furthermore, a second 
dopant (phosphorescent material) 124 is added to an 
electron transport layer 112 that is made of an electron 
transport material 122 and thereby a second emission 
region 114 is formed. As to emission wavelength, one 
of the second dopant (phosphorescent material) 124 is 
located toward a longer wavelength side than one of the 
first dopant 123. Furthermore, between the first emis- 
sion region 113 and the second emission region 114, a 
layer 1 1 6 (hereinafter referred to as "gap layer") to which 
the second dopant (phosphorescent material) 124 is not 
added is disposed with a thickness of d, and this point 
is different from Fig. 9. Here the gap layer 116 is as- 
sumed to have the electron transportability. Still further- 



more, reference numerals 101, 102 and 103, respec- 
tively, denote an anode, a cathode and an electrolumi- 
nescent layer 

[0050] At this time, since the gap layer 116 has the 

5 electron transportability, a recombination region in the 
structure is in the neighborhood of an interface 115 be- 
tween the first emission region 113 and the gap layer 
116. Furthermore, as shown in Fig. 2A, owing to a dis- 
tance d, a HOMO level 201 of the second dopant (phos- 

10 phorescent material) does not directly trap a hole. Ac- 
cordingly, firstly, the first dopant 123 is excited. As an 
excitation state, there are a singlet excitation state Sq^ 
and a triplet excitation state Tpv 

[0051] Here, as shown in Fig. 2B, since owing to the 
15 gap layer 116 the first dopant and the second dopant 
(phosphorescent material) are apart by a distance d, the 
aforementioned Forster type energy transfer 211 of Sq,., 
->Tq2 contributes less (drastically diminishes as the dis- 
tance d becomes larger). By just that much, Sq^ Gq^, 
20 that is, emission of the first dopant hvp^ becomes to be 
observed. 

[0052] On the other hand, since the first dopant is a 
fluorescent material here, the triplet excitation state T^^ 
cannot emit but can transfer energy to a triplet excitation 

25 state Td2 of the second dopant (phosphorescent mate- 
rial). An excitation lifetime of a triplet excitation molecule 
is nomnally longer than that of a singlet excitation mole- 
cule and a diffusion distance thereof is large; according- 
ly, in comparison with the aforementioned energy trans- 

30 fer 211 of Sp^ -> T^g, an energy transfer 212 of Tp., 
Tq2 is affected less by a distance d. Accordingly^ even 
when a distance d is separated to some extent, the en- 
ergy transfer of Tpi etfectively caused, subse- 
quently, a triplet excitation state Tq2 of the second do- 

35 pant (phosphorescent material) is speedily converted 
into emission ^\f^2' 

[0053] As described above, when the element struc- 
ture according to the invention is applied, both the first 
dopant and the second dopant (phosphorescent mate- 

40 rial) that exhibits an emission in a longer wavelength 
side than the first dopant are allowed to emit; accord- 
ingly, white emission can be attained. 
[0054] In the element structure shown in Fig. 1 , in the 
second emission region, a phosphorescent material is 

45 used as a dopant; however, a phosphorescent material 
can be used singularly. 

[0055] Furthermore, as a luminescent material in the 
first emission region, a phosphorescent materia! maybe 
used; however, as shown in Fig. 1, a fluorescent mate- 

50 rial can be used preferably. In this case, a generated 
singlet excitation state and a generated triplet excitation 
state, respectively, contribute to emissions mainly in the 
first emission region and the second emission region; 
accordingly, both excitation states of the singlet and the 

55 triplet are allowed to contribute to emission and thereby 
an increase in the efficiency can be expected. Further- 
more, an emission mechanism is understandable and 
an element can be easily designed. 
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[0056] Still furthermore, iii the first emission region of 
the invention, without using a dopant, a layer that emits 
singularly may be applied However, since the use of the 
dopant generally makes the emission efficiency higher 
the dopant is preferably used as shown in Fig. 1 . Fur- 
themnore, as mentioned above, since as a luminescent 
material in the first emission region a fluorescent male- 
rial is preferable, it is the best to use a fluorescent ma- 
terial as the dopant in the first emission region. In that 
case, a plurality of kinds of dopants may be used. 
[0057] The element configuration shown in Fig. 1 is 
one example of the invention and the clement configu- 
ration, as far as it does not deviate from the gist of the 
invention, is not restricted thereto. For instance, in Fig. 
1 , a configuration in which in the hole transport layer 1 1 1 
the second dopant (phosphorescent material) is doped, 
and in the electron transport layer 112 the first dopant 
is doped (that is, in this case, the second emission re- 
gion becomes 113 and the first emission region be- 
comes 114) maybe formed. In this case, the gap layer 
1 1 6 is necessarily constituted of a hole-transporting ma- 
terial and a recombination region of carriers is neces- 
sarily designed at an interface between the gap-layer 
116 and the electron transport layer 112. 
[0058] Furthermore, though not shown in Fig. 1, be- 
tween the anode 101 and the hole transport layer 111, 
a hole injection layer or a hole transport layer made of 
a hole transport material other than the hole transport 
material 121 maybe inserted. Still furthermore, between 
the cathode 1 02 and the electron transport layer 1 1 2, an 
electron injection layer or an electron transport layer 
made of an electron transport material other than the 
electron transport material 122 may be inserted. 
[0059] As mentioned above, the invention pays atten- 
tion to a point that firstly an excitation stale is formed in 
the first emission region and energy thereof is partially 
transferred to the second emission region. From such a 
viewpoint, like the structure shown in Fig. 1, the first 
emission region 1 1 3 is preferably designed more toward 
the anode than the second emission region 114. This is 
because when at this time a hole block layer made of a 
hole block material is applied as the gap layer 116, holes 
can be more effectively confined within the hole trans- 
port layer 111; accordingly, the recombination region of 
the carriers can be decided to the first emission region 
113 

[0060] A value of ionization potential of the hole block 
material is preferably larger by 0.4 eV or more than a 
value of ionization potential of a substance that has the 
largest ionization potential of substances contained in 
the first emission region 113. Furthermore, when as 
shown In Fig. 1 the first emission region 113 has a do- 
pant, it is important that substantially a value of the ion- 
ization potential of the hole block material that is used 
in the gap layer 116 is larger (preferably larger by 0.4 
eV or more) than a value of the ionization potential of 
the hole transport material 121 that is a host In the first 
emission region. 



[0061 ] When an element is designed thus, It becomes 
easy to form an excitation state in the first emission re- 
gion firstly and to partially transfer energy thereof to the 
second emission region. However, in the next, a dis- 
5 tance d that governs the energy transfer thereof is nec- 
essary to be decided. 

[0062} Firstly, when d is set at 1 nm or more, since a 
Dexter type energy transfer (energy transfer due to ex- 
change of the wave motion of an electron) can be inhib- 

10 ited from occurring and thereby an energy transfer 
mechanism becomes solely due to the Forstcr typo en- 
ergy transfer, the abovementioned principle can be ap- 
plied. Furthermore, when d is set at substantially 30 nm, 
even the energy transfer due to Tp^ described in 

15 Fig. 2B tends to decrease much. Accordingly, the d is 
preferably in the range of 1 nm or more and 30 nm or 
less 

[0063] However, in order to inhibit the phosphores- 
cent material in the second emission region from directly 

20 trapping the holes (Fig. 2A), the d is preferably set at 5 
nm or more. Furthermore, a proper distance that makes 
the contribution of the energy transfer 211 of S^^ — ^Tpg 
in Fig. 2B smaller and further sufficiently causes the en- 
ergy transfer 212 of Tq^ 's substantially 5 to 20 

25 nm. Accordingly, the d is more preferably 5 nm or more 
and 20 nm or less. 

[0064] In the above, a principle that according to the 
present invention a white organic light-emitting element 
in whch a reddish phosphorescent material is intro- 

30 duced can be realized was described. In the next place, 
a wavelength range preferable for obtaining a high-qual- 
ity white emission color will be illustrated. 
[0065] Firstly, an emission spectrum in the first emis- 
sion region has at least one peak in a region of 400 nm 

35 or more and 500 nm or less or at least two peaks in a 
region of 400 nm or more and 560 nm or less. When this 
is combined with an emission color of a reddish phos- 
phorescent material in the second emission region, 
white light can be realized. At this time, an emission 

40 spectrum of the phosphorescent material has only to be 
reddish, that is, to have at least one peak in a region of 
560 nm or more and 700 nm or less. 
[0066] Furthermore, when for instance a first dopant 
that is capable of exhibiting the excimer emission is add- 

45 ed to the first emission region, by optimizing a doping 
concentration, emission intrinsic to the first dopant and 
excimer emission thereof are allowed to simultaneously 
emit. Since the excimer emission is necessarily located 
on a longer wavelength side than the intrinsic emission, 

50 two emission peaks can be extracted from one sub- 
stance. When this phenomenon and a reddish emission 
color in the second emission region are combined, an 
emission spectrum having peaks in the respective 
wavelength regions of R, G and B can be realized. 

55 [0067] In what follows^ materials that can be used In 
the invention will be specifically illustrated. However, 
materials that can be applied to the invention are not 
restricted thereto. 
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[0068] As a hole injection material that is used in a 
hole injection layer, porphyrin base compounds are ef- 
fective among organic compounds; that is, phthalocya- 
nine (abbreviated as Hg-Pc), copper phthalocyanine 
(abbreviated as Cu-Pc) and so on can be used. Further- 
more ^ there are materials obtained by applying the 
chemical doping to conductive polymers, that is, poly- 
ethylene dioxythiophene (abbreviated as PEDOT), 
polyaniline (abbreviated as PAni) and polyvinyl carba- 
zole (abbreviated as PVK) that are doped with polysty- 
rene sulfonic acid (abbreviated as PSS) can be used. 
Still furthermore, very thin films of inorganic insulators 
such as vanadium pentoxide and aluminum oxide are 
effective as well. 

[0069] As a hole transport material for using a hole 
transporting layer, aromatic amine (that is, the one hav- 
ing a benzene ring-nitrogen bond) compounds are pref- 
erably used. For example, N,N'-bls(3-methylphenyl)-N, 
N'-diphenyl-1 ,1 '-biphenyl-4,4'-diamine(abbrevlated 
TPD) or derivatives thereof such as 4.4'-bis[N-(1 -naph- 
thyl)-N-phenyl-aminol-biphenyl (hereafter, referred to 
as a-NPD) is widely used. Also used are star burst ar- 
omatic amine compounds, including: 4,4',4"-tris(N,N- 
diphenyl-amino)-triphenyl amine (hereafter, referred to 
as TDATA); and 4,4',4"-tris[N-(3-methylphenyl)-N-phe- 
nyl-amino]-triphenyl amine (hereafter, referred to as 
"MTDATA"). 

[0070] As electron transport materials for fonning an 
electron transporting layer, in specific, metal complexes 
such as tris(8-quinolinolate) aluminum (abbreviated 
Alqs), tris(4-methyl-8-quinolinolate) aluminum (abbrevi- 
ated Almqs), bls(10-hydroxyben2o[h]-quinollnato) be- 
ryllium (abbreviated BeBq2), bis(2-methyl-8-quino- 
llnolate)-(4-hydroxy-biphenylyl)-alumi num (abbreviat- 
ed BAIq), bis [2-(2-hydroxyphenyl)-benzooxazolale] 
zinc (abbreviated Zn(BOX)2), and bis [2-(2-hydroxyphe- 
nyl)-benzothia2olate] zinc (abbreviated Zn(BTZ)2)- Be- 
sides, oxadiazole derivatives such as 2-(4-biphenyl)- 
5-(4-tert-butylphenyl)-1 ,3,4-oxadiazole (abbreviated 
PBD), and 1 ,3-bis[5-(p-tcrt-butylphenyl)-1 ,3,4-oxadia- 
2oie-2-yl] benzene (abbreviated OXD-7); triazole deriv- 
atives such as 3-(4-tert-butyIphenyI)-4-phenyl-5-(4-bl- 
phenylyl)-1 ,2,4-tri azole (abbreviated TAZ) and 
3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-bipheny- 
lyl)-1 ,2,4-tria2ole (abbreviated p-EtTAZ); imidazol deriv- 
atives such as 2,2',2"-(1 .3,5-benzenetryil)tris[1-phenyl- 
IH-benzimidazole ] (abbreviated TPBI); and phenan- 
throline derivatives such as bathophenanthroline (ab- 
breviated BPhen) and bathocuproin (abbreviated BCP) 
can be used in addition to metal complexes. 
[0071] Furthermore, as hole block materials that are 
useful as the materials for the abovementioned gap lay- 
en abovementioned BAlq, OXD-7, TAZ. p-EtTAZ, TPBI, 
BPhen and BCP can be used. 

[0072] Still furthermore, as the luminescent materials 
in the first emission region, fluorescent materials having 
the hole transportability such as abovementioned TPD 
and a-NPD and fluorescent materials having the elec- 



tron transportability such as Alq3, Almq3 , BeBq2, BAIq, 
Zn(BOX)2 and Zn(BTZ)2 may be used. Furthermore, 
vahous kinds of fluorescent dyes such as quinacridone, 
N, N*-dimethyl quinacridone, perylene, fluoranthene, 

5 and cumarine base dyes (such as cumarone 6) can be 
cited as dopant. Still furthermore, phosphorescent ma- 
terials such as tris(2-phenylpyridine)iridium (abbreviat- 
ed as lr(ppy)3) can be cited. All these exhibit an emission 
peak in 400 nm or more and 560 nm or less; accordingly, 

10 these can be preferably used as a luminescent material 
in the first emission region. 

[0073] On the other hand, as a luminescent material 
in the second emission region, an organometaltic com- 
plex having iridium or platinum as a central metal is ef- 

^5 fective. Specifically, other than the abovementioned 
PtOEP, bis(2-(2'-ben2othienyl)pyhdinato-N, C^') (acety- 
lacetonato)iridium (abbreviated as btp2lr(acac)), bis 
(2-(2'-thienyl)pyridinato-N, C^' (acetyiacetonato)iridium 
(abbreviated as thp2lr(acac)) and bis(2-(1-naphthyl) 

20 benzooxazolato-N, C^' (acetylacetonato) iridium (ab- 
breviated as bon2ir(acac)) can be cited. All these are 
phosphorescent materials having a reddish (560 nm or 
more and 700 nm or less) emission peak and suitable 
as a luminescent material in the second emission region 

25 according tot the invention. 

[0074] In the case of a dopant being used in the first 
emission region or the second emission region, as a 
host material thereof, a hole transport material or an 
electron transport material typical in the above men- 

30 tioned examples can be used. Furthermore, a bipolar 
material such as 4, 4'-N, N'-dicarbazolyl-biphenyl (ab- 
breviated as CBP) can be used. 

[0075] Furthermore, in the invention, a lamination 
method of the respective layers in an organic light-emit- 
35 ting element is not restricted to particular one. As far as 
the lamination can be carried out. whatever method of 
vacuum deposition method, spin coat method, ink jet 
method and dip coat method can be selected. 



[Example 1] 

[0076] In the present example, an organic light-emit- 
ting element according to the invention and having a gap 
layer thickness d of 1 0 nm will be specifically illustrated 
with reference to Fig. 3, In Fig. 3, reference numerals 
301, 302 and 303, respectively, denote an anode, a 
cathode and an electroluminescent layer. 
[0077] Firstly, on a glass substrate on which ITO that 
is an anode 301 was deposited with a thickness of sub- 
stantially 1 00 nm, CuPc that is a hole transport material 
was deposited with a thickness of 20 nm, and thereby 
a hole injection layer 310 was formed. Subsequently, 
a-NPD that Is a hole transport material was deposited 
with a thickness of 30 nm, and thereby a hole transport 
layer 31 1 was formed. In the last 10 nm thereof, a-NPD 
(host material) and perylene (guest material) that is a 
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singlet emission material were co -deposited so as to be 
substantially 99: 1 in the ratio thereof (weight ratio). That 
is, at a concentration of substantially 1 weight percent, 
perylene is dispersed in a-NPD. This co-deposited layer 
of 1 0 nm is a first emission region 31 3. 
[0078] After the first emission region 313 was formed, 
BAIq thai Is a hole block material (and an electron trans- 
port material) was deposited with a thickness of 10 nm. 
and thereby a gap layer 31 6 was formed BAlq was fur- 
ther deposited with a thickness of 30 nm as an electron 
transport layer 312. In the first 10 nm thereof, a region 
to which a phosphorescent material PtOEP was added 
was co-deposited to form An addition amount was con- 
trolled so that in BAIq PtOEP may be dispersed at a con- 
centration of substantially 7.5 weight percent. This be- 
comes a second emission region 314. Thus, a layer that 
uses BAIq becomes in sum total 40 nm in a combination 
of the gap Iayer31 6 and the electron transport layer 31 2. 
[0079] In the next place, Alq that is an electron trans- 
port material was deposited with a thickness of 20 nm 
and thereby a second electron transport layer 317 was 
formed. Thereafter, as an electron injection layer 31 8, 2 
nm of calcium fluoride (abbreviated as CaF2) was de- 
posited, finally followed by depositing 1 50 nm of Al as a 
cathode. Thereby, an organic light-emitting element ac- 
cording to the invention can be obtained. 
[0080] The characteristics of the organic light-emitting 
element manufactured according to example 1 were as 
follows. That is, when the brightness was set at 10 [cd/ 
m2], a driving voltage was 8.0 [V] and a current efficiency 
was 4.7 [cd/A]. 

[0081] An emission spectrum when the brightness is 
10 [cd/m2] is shown in Fig. 4A. A blue emission spectrum 
401 intrinsic to perylene and a green spectrum 402 due 
to the excimer emission of perylene, respectively, were 
clearly observed in the neighborhood of 460 nm and 480 
nm and in the neighborhood of 520 nm. Furthermore, in 
the neighborhood of 650 nm. a sharp red peak 403 due 
to ROEP was observed. 

[0082] Thus, In the example 1 , an organic light-emit- 
ting element that uses a reddish phosphorescent mate- 
rial and has peaks in the respective wavelength regions 
of R, G and B could be realized. The CIE color coordi- 
nates were (x, y) = (0.30, 0.35), and it was white emis- 
sion to the eye 

[0083] As mentioned above, it is considered that in the 
example 1 , the energy transfer of Sq^ —> Tq2 shown in 
Fig. 28 is suppressed to some extent and thereby both 
perylene and PtOEP are allowed to emit. 
[0084] Ionization potentials of a-NPD that was used 
in the hole transport layer 311 and BAIq that was used 
in the gap layer 31 6 were measured (in a thin film state 
by use of a photoelectron spectrometer AC-2 manufac- 
tured by Riken Keiki Co.. Ltd.) and found to be 5.3 [eV] 
for a-NPD and 5.7 [eV] for BAIq . That is , it is considered 
that owing to difference of substantially 0.4 [eV] in the 
ionization potentials of both, BAIq effectively blocks 
holes and controls the recombination region of carriers 



within the hole transport layer 311 (or in the first emis- 
sion region 313). 

[Example 2] 

5 

[0085] In the present example, an organic light-emit- 
ting element according to the invention and having a gap 
layer thickness d of 20 nm will be specifically illustrated 
with reference to Fig. 3. 

10 [0086] Firstly; the first emission region 313 is formed 
similarly to example 1 . After the first emission region 313 
is formed, BAIq that is a hole block material (and an elec- 
tron transport material) was deposited with a thickness 
of 20 nm and thereby a gap layer 316 was formed. BAIq 

15 was further deposited with a thickness of 20 nm as an 
electron transport layer 312. In the first 10 nm thereof, 
a region to which a phosphorescent material PtOEP was 
added was co-deposited to form. An addition amount 
was controlled so that in BAIq PtOEP may be dispersed 

20 at a concentration of substantially 7.5 weight percent. 
This becomes a second emission region 314. Thus, a 
layer that uses BAIq becomes in sum total 40 nm In com- 
bination of the gap layer 31 6 and the electron transport 
layer 312. 

25 [0087] In the next place, Alq that is an electron trans- 
port material was deposited with a thickness of 20 nm, 
and thereby a second electron transport layer 31 7 was 
formed. Thereafter, as an electron injection layer 31 8, 2 
nm of CaFg was deposited , finally followed by depositing 

30 150 nm of Al as a cathode. Thereby, an organic light- 
emitting element according to the invention can be ob- 
tained. 

[0088] The characteristics of the organic light-emitting 
element manufactured according to example 2 were as 
55 follows. That Is, when the brightness was set at 10 [cd/ 
m2] , a driving voltage was 8.6 [V] and a current efficiency 
was 4.6 [cd/A], 

[0089] An emission spectrum when the brightness is 
set at 10 [cd/m^] Is shown in Fig. 4B. A blue emission 

40 spectrum 401 intrinsic to perylene and a green spectrum 
402 due to excimer emission of perylene, respectively, 
were clearly observed in the neighborhood of 460 nm 
and 480 nm and in the neighborhood of 520 nm. Fur- 
thermore, in the neighborhood of 650 nm, a sharp red 

45 peak 403 due to PtOEP was observed, 

[0090] Thus, also in the example 2, an organic light- 
emitting element that uses a reddish phosphorescent 
material and has peaks in the respective wavelength re- 
gions of R, G and B could be realized. The CIE color 

50 coordinates were (x, y) = (0.25, 0.36), and it was bluish 
white emission to the eye. 

[0091] As mentioned above, it is considered that in the 
example 2, the energy transfer of Sq-j To2 shown in 
Fig. 2B is substantially completely suppressed and 
55 thereby both perylene and PtOEP were allowed to emit. 
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[Example 3] 

[0092] In the present example, an organic light-emit- 
ting element according to the invention and having a gap 
layer thickness d of 30 nm will be specifically illustrated 
with reference to Fig. 3. 

[0093] Firstly, the first emission region 313 is formed 
similarly to examples 1 and 2. After the first emission 
region 31 3 was formed, BAIq that is a hole block material 
(and an electron transport material) was deposited with 
a thickness of 30 nm, and thereby a gap layer 31 6 was 
formed. Furthermore, as a second emission region 314, 
a region where a phosphorescent material PtOEP was 
added to BAIq was co-deposited with a thickness of 10 
nm. An addition amount was controlled so that in BAIq 
PtOEP may be dispersed at a concentration of substan- 
tially 7.5 weight percent. Thus, a layer that uses BAIq 
becomes in sum total 40 nm in combination of the gap 
layer 316 and the second emission region 314. In the 
example, after the second emission region 314, BAIq is 
not further formed as an electron transport layer 312 
(this is because a film thickness of layers that use BAIq 
is made 40 nm similarly to examples 1 and 2). 
[0094] In the next place, Alq that is an electron trans- 
port material was deposited with a thickness of 20 nm 
and thereby a second electron transport layer 31 7 was 
formed. Thereafter, as an electron Injection layer 318 , 
2 nm of CaFg was deposited, finally followed by depos- 
iting 150 nm of Al as a cathode . Thereby, an organic 
light-emitting element according to the invention can be 
obtained. 

[0095] The characteristics of the organic light-emitting 
element manufactured according to example 3 were as 
follows. That is, when the brightness was set at 10 [cd/ 
m2], a driving voltage was 8.2 [V] and a current efficiency 
was 4.6 [cd/A]. 

[0096] An emission spectmm when the brightness Is 
set at 10 [cd/m^ is shown in Fig. 4C. A blue emission 
spectrum 401 intrinsic to perylene and a green spectrum 
402 due to excimer emission of perylene, respectively, 
were clearly observed in the neighborhood of 460 nm 
and 480 nm and in the neighborhood of 520 nm. Fur- 
thennore, in the neighborhood of 650 nm, though a little 
weak, a sharp red peak 403 due to PtOEP was also ob- 
served. 

[0097] Thus, also in the example 3 an organic light- 
emitting element that uses a red phosphorescent mate- 
rial and has peaks in the respective wavelength regions 
of R, G and B could be realized. The CIE color coordi- 
nates were (x, y) = (0.22. 0.35), and it was bluish blue- 
white to the eye. 

[0098] As mentioned above, it Is considered that in the 
example 3, the energy transfer of Sq., shown in 

Fig. 2B was substantially completely suppressed and 
furthermore, In comparison with examples 1 and 2, the 
energy transfer due to T^i ~> T^g was also attenuated; 
as a result, emission of perylene became stronger and 
emission of PtOEP became weaker Accordingly, the 



thicl<ness d of the gap layer according to the invention 
can be said to be preferable up to substantially 30 nm. 

[Comparative example 1] 

5 

[0099] In the present comparative example, an exist- 
ing organic light-emitting element in which a gap layer 
is not disposed will be specifically illustrated with refer- 
ence to Fig. 11. In Fig 11, reference numerals and so 

^0 on in Fig. 3 are quoted. 

[0100] Firstly s first emission region 313 is formed 
similarly to examples 1 through 3. Afterthe first emission 
region 313 was fomied, as an electron transport layer 
312 BAIqwas deposited with a thickness of 40 nm. In 

15 the first 1 0 nm thereof, a second emission region 31 4 to 
which a phosphorescent material PtOEP is added with 
BAIq as a host was formed. An addition amount was 
controlled so that PtOEP may be dispersed in BAIq at a 
concentration of substantially 7.5 weight percent. 

20 [0101] Subsequently, an electron transport material 
Alq was deposited with a thickness of 20 nm and thereby 
a second electron transport layer 317 was formed. 
Thereafter, as an electron injection layer 317, 2 nm of 
Oaf 2 was deposited, followed by finally depositing Al 

25 with a thickness of 150 nm as a cathode. 

[0102] The characteristics of the organic light-emitting 
element manufactured according to the comparative ex- 
ample were as follows. That is, when the brightness was 
set at 10 [cd/m2], a driving voltage was 8.8 [V] and a 

30 current efficiency was 1 .9 [cd/A]. 

[0103] An emission spectrum when the brightness Is 
set at 1 0 [cd/m2] Is shown in Fig. 12. In the comparative 
example, an emission spectrum of perylene was hardly 
observed and only a sharp red peak 1201 due to PtOEP 

35 In the neighborhood of 650 nm was observed. Further- 
more, the CIE color coordinates were (x, y) = (0.51, 
0,33), and it was nearly red to the eye. 
[0104] As shown with the above comparative exam- 
ple, it is found that according to the existing element 

40 structure in which a gap layer according to the invention 
is not disposed, a white organic light-emitting element 
to which a reddish phosphorescent material is applied 
is difficult to realize. 



[0105] In the present example, a light-emitting device 
that has an organic light-emitting element according to 
the invention in a pixel portion will be explained with ref- 

50 erence to Figs. 5A and 5B. Fig. 5A is a top view showing 
a light-emitting device and Fig. 5B is a sectional view 
obtained by cutting Fig. 5A along A-A' . Reference nu- 
merals 501 , 502 and 503, respectively denote a driving 
circuit portion (source side driving circuit) , a pixel portion 

55 and a driving circuit portion (gate side driving circuit). 
Furthermore, reference numerals 504 and 505, respec- 
tively, denote a sealing substrate and a sealing agent, 
and the inside 507 surrounded by the sealing agent 505 
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is a space. 

[0106] Reference numeral 508 denotes a connection 
wiring tor transmitting a signal that is Input to the source 
side driving circuit 501 and the gate side driving circuit 
503 and the connection wiring 508 receives from an 
FPC (flexible printed circuits) 509 that becomes an ex- 
ternal input terminal a video signal, a clock signal, a start 
signal and a reset signal. In the drawing, only an FPC 
Is shown; however, to the FPC a printed wiring board 
(PWB) may be attached. In the light-emitting device in 
the present specification, not only the light-omitting de- 
vice body but also a state where an FPC or PWB is at- 
tached thereto is included. 

[0107] In the next place, a sectional structure will be 
explained with reference to Fig. SB On a substrate 510, 
a driving circuit portion and a pixel portion are formed. 
In the drawing, the source side driving circuit 501 that Is 
a driving circuit portion and the pixel portion 502 are 
shown. 

[0108] In the source side driving circuit 501 , a Cf^OS 
circuit in which an n-channel type TFT 523 and a p-chan- 
nel type TFT 524 are combined Is formed. Furthermore, 
a TFT that forms a driving circuit may be formed with a 
known CMOS circuit, PMOS circuit or NMOS circuit. 
Furthermore, in the present embodiment, a driver-Inte- 
grated type in which a driving circuit is formed on a sub- 
strate is shown; however, the driving circuit is not nec- 
essarily formed on a substrate but may be formed out- 
side thereof. 

[01 09] Furthermore, the pixel portion 502 Is formed of 
a plurality of pixels including a switching TFT 51 1 , a cur- 
rent control TFT 51 2 and a first electrode 51 3 electrically 
connected to a drain thereof. An insulator 514 is formed 
covering an end portion of the first electrode 513. Here, 
a positive photosensitive acrylic resin film Is used to 
form. 

[0110] In order to improve the coverage, a curved sur- 
face having a curvature is formed at an upper end or 
lower end of the insulator 514. For Instance, in the case 
of a positive photosensitive acryl being used as a ma- 
terial of the insulator 51 4, it is preferable to give a curved 
surface having a radius of curvature (0.2 to 3 p.m) only 
to the upper end portion of the insulator 514. As the In- 
sulator 514, any one of a negative type that becomes 
insoluble to an etchant owing to photosensitive light and 
a positive type that becomes soluble to an etchant owing 
to light can be used. 

[0111] On the first electrode 513, an electrolumines- 
cent layer 51 5 and a second electrode 516 are formed. 
As a material that Is used for the first electrode 51 3 that 
works as an anode, it is preferable to use a material 
large inthe workfunction. For instance, otherthan single 
layer films such as an ITO (indium tin oxide) film, indium 
zinc oxide (IZO> film, titanium nitride film, chromium film, 
tungsten film, Zn film and Pt film, a laminate of titanium 
nithde and a film mainly made of aluminum and a three- 
layered structure of a titanium nitride film, a film mainly 
made of aluminum and a titanium nitride film can be 



used. When a laminate structure is taken, the laminate 
is low In the resistance as a wiring, can establish good 
ohmic contact, and Is allowed to function as an anode. 
Here, as the first electrode 51 3, ITO is used, and astruc- 
5 ture where light Is taken out of a substrate 510 side is 
adopted. 

[0112] The electroluminescent layer 515 is formed by 
means of a vapor deposition method with a deposition 
mask or an ink jet method. To the electroluminescent 

'0 layer 515, an electroluminescent layer having a struc- 
ture disclosed in the invention has only to be applied. 
Specifically, configurations of the electroluminescent 
layer shown In examples 1 through 3 can be used. Fur- 
thermore, as materials that are used in the electrolumi- 

15 nescent layer, normally. In many cases, organic com- 
pounds are used In a single layer or laminated layer; 
however, in the Invention, a configuration in which in a 
film made of an organic compound an inorganic com- 
pound is partially used is also included. 

20 [0113] Furthermore, as materials that are used for the 
second electrode (cathode) 516 that is formed on the 
electroluminescent layer 515, materials small in the 
work function (such as Al Ag, Li, Ca or alloys thereof 
such as MgAg, Mgln, AlU, CaFg or CaN) have only to 

25 be used. In the case of light generated In the electrolu- 
minescent layer 515 being allowed transmitting through 
the second electrode 516. as the second electrode 
(cathode) 516, a laminate of a metal thin film of which 
film thickness is made thin and a transparent conductive 

30 film (such as ITO, IZO, and zinc oxide (ZnO)) may be 
used. Here, by use of a non-transmissive film of Al, a 
light-emitting device having a bottom emission type 
structure in which light is extracted only from the sub- 
strate 510 side is formed. 

35 [0114] With the sealing agent 505, a sealing substrate 
504 and an element substrate 510 are adhered, and 
thereby in a space 507 surrounded by the substrate 501 , 
the sealing substrate 504 and the sealing agent 505, the 
organic light-emitting element 517 according to the in- 

^0 vcntlon is housed. In the space 507, otherthan a case 
where an Inert gas (such as nitrogen or argon) is filled, 
a configuration that is filled with the sealing agent 505 
is also included. 

[0115] As the sealing agent 505, epoxy base resins 
45 can be preferably used. Furthermore, these materials 
are preferable to be ones that are not permeable to 
moisture and oxygen as far as possible. As materials 
that are used for the sealing substrate 504, other than 
a glass substrate or quartz substrate, a plastics sub- 
50 strate made of such as an FRP (Fiberglass-Reinforced 
Plastics), PVF (polyvinyl fluoride), mylar, polyester or 
acryl can be used. 

[0116] Thus, a light-emitting device having the organ- 
ic light-emitting element according to the invention can 
55 be obtained. 
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[Example 5] 

[0117] In the present example, in a light-emitting de- 
vice shown in Fig. 5, a light-emitting device having a top 
emission type structure in which light is extracted from 5 
the sealing substrate 504 side will be specifically illus- 
trated. A schematic diagram thereof (sectional view) is 
shown in Fig. 6A. In Fig. 6A, reference numerals of Fig. 
5 are quoted. A direction of emission is shown with 621 
in Fig. 6A. io 
[0118] In Fig. 6A, the first electrode 513 and the sec- 
ond electrode, respectively, are made a light-shielding 
anode and a translucent cathode, and thereby a top 
emission structure Is formed. Accordingly, as the first 
electrode, other than single layer films such as a titani- 15 
um nitride film, chromium film, tungsten film, Zn film and 
Pt film, a laminate of titanium nitride and a film mainly 
made of aluminum, and a three-layered structure of a 
titanium nitride film, a film mainly made of aluminum and 
a titanium nitride film can be used. As the second elec- 20 
trode, a laminate structure of a metal thin film of which 
film thici<ness is made thin and a transparent conductive 
film (such as ITO, IZO and ZnO) has only to be used. 
Here, as the first electrode and the second electrode, a 
titanium nitride film and a laminate structure of a thin film 25 
of Mg: Ag alloy and ITO are used respectively. 
[0119] Furthermore, in the light-emitting device ac- 
cording to the example, in order to make the light-emit- 
ting device afull color device with the white organic light- 
emitting element 517 according to the invention, a color 30 
fitter (for sake of simplicity, here, an overcoat layer is not 
shown in the drawing) made of a colored layer 611 and 
a light-shielding layer (BM) 612 is disposed. 
[01 20] Furthermore, in order to seal the organic light- 
emitting element 51 7, a transparent protective layer 601 35 
is formed. As the transparent protective layer 601 , an 
Insulating film mainly made of silicon nitride or silicon 
oxide nitride obtained by means of a sputtering method 
(such as DC process or RF process) or a PCVD method, 
a thin film mainly made of carbon (such as a diamond- 40 
like carbon (DLC) film, or carbon nitride: CN film), or a 
laminate thereof can be preferably used. When a silicon 
nitride film is formed with a silicon target and in an at- 
mosphere that contains nitrogen and argon, a silicon ni- 
tride film high in the blocking effect to impurities such as 45 
moisture and an alkali metal can be obtained. Alterna- 
tively a silicon nitride target may be used. Furthermore, 
the transparent protective layer may be fomned with a 
deposition device that uses remote plasma. Still further- 
more, in order to allow light going through the transpar- 50 
ent protective layer, a film thickness of the transparent 
protective layer is preferably as thin as possible. 
[0121] Here, in order to further seal the organic light- 
emitting element 517, by use of not only the sealing 
agent 505 but also a second sealing agent 602, the 55 
space 507 In Fig. 5 is filled and adhered with the sealing 
substrate 504. The sealing operation may be conducted 
under an inert gas atmosphere. Also as to the second 



sealing agent 505, similarly to the sealing agent 505, an 
epoxy base resin can be preferably used. 

[Example 6] 

[01 22] In the present example, in the light-emitting de- 
vice shown in Fig. 5, a light-emitting device having a 
double-sided emission type structure in which from both 
of a substrate 51 0 side and a sealing substrate 504 side 
light is extracted will be specifically illustrated. A sche- 
matic diagram (sectional view) thereof is shown in Fig. 
6B In Fig. 68, reference numerals of Fig, 5 will be quot- 
ed. Directions of emission are as shown with 622 and 
623 in Fig. 68. 

[0123] In Fig. 68, a basic structure thereof is similar 
to that of Fig. 6A. However, it is different from Fig. 6A in 
that as the first electrode 513 a transparent conductive 
film such as an ITO film or an IZO film is used. Here, by 
the use of an ITO film, a light-emitting device having a 
double-sided emission type structure can be realized. 
[0124] In Fig 68, on the substrate 510 side a color 
filter is not disposed; however, by disposing a color filter 
also on this side, both surfaces each may be provided 
with a color filter. In this case, a color filter formed on 
the substrate 51 0 side may be disposed according to a 
process similar to that used in an existing liquid crystal 
display device or the like. 

[Example 7] 

[0125] In the present example, various electric appli- 
ances that are completed by use of a light-emitting de- 
vice having an organic light-emitting element according 
to the invention will be explained. 
[0126] As the electric appliances that are manufac- 
tured with a light-emitting device having an organic light- 
emitting element according to the invention, a video 
camera, digital camera, display with goggle (head- 
mount display): navigation system, audio reproducing 
device (such as a car audio and audio compo), note type 
personal computer, game machine, portable informa- 
tion terminal (such as a mobile computer, portable tele- 
phone, portable game machine or electronic book) and 
image reproducing device with a recording medium 
(specifically a device with a display device that can re- 
produce a recording medium such as a DVD and display 
the image) can be cited. Specific examples of these 
electric appliances are shown in Figs. 7 and 8. 
[0127] Fig. 7A shows a display device and the display 
device includes a chassis 7101, a support table 7102, 
a display portion 7103, a speaker portion 7104 and a 
video input terminal 71 05. A light-emitting device having 
an organic light-emitting element according to the inven- 
tion is used to manufacture the display portion 7103. 
The display device includes all information display de- 
vices for use in personal computer TV broadcast receiv- 
er, and billboard display. 

[0128] Fig. 78 shows a note type personal computer 
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and the note type personal computer Includes a body 
7201 , chassis 7202, display portion 7203, key board 
7204, external connection port 7205 and pointing mouth 
7206. A light-emitting device having an organic llght- 
emlttlng element according to the invention is used to 
manufacture the display portion 7203. 
[0129] Fig. 7C shows a mobile computer and the mo- 
bile computer includes a body 7301, display portion 
7302, switch 7303, operation key 7304 and IR port 7305. 
A light-emitting device having an organic light-emitting 
element according to the invention is used to manufac- 
ture the display portion 7302. 

[0130] Fig. 70 shows a portable image reproducing 
device with a recording medium (specifically a DVD re- 
producing device) and the portable image reproducing 
device includes a body 7401 , chassis 7402, display por- 
tion A 7403, display portion B 7404, recording medium 
(such as DVD) read portion 7405, operation key 7406 
and speaker portion 7407. The display portion A 7403 
mainly displays image infomnatlon, the display portion 
B 7404 mainly displays textual information, and a light- 
emitting device having an organic light-emitting element 
according to the invention is used to manufacture each 
of the display portions A and B. The Image reproducing 
device with a recording medium Includes a home game 
machine and so on. 

[0131] Fig. 7E shows a goggle type display (head- 
mount display) and the goggle type display includes a 
body 7501 , display portion 7502 and arm portion 7503. 
A light-emitting device having an organic light-emitting 
element according to the Invention is used to manufac- 
ture the display portion 7502. 

[0132] Fig. 7F shows a video camera and the video 
camera includes a body 7601, display portion 7602, 
chassis 7603, external connection port 7604, remote 
control receiving portion 7605: image receiver 7606, 
battery 7607, audio input portion 7608, operation key 
7609 and eye pieces 7610. A light-emitting device hav- 
ing an organic light-emitting element according to the 
invention is used to manufacture the display portion 
7602. 

[0133] Fig. 7G shows a portable telephone and the 
portable telephone includes a body 7701 , chassis 7702, 
display portion 7703, audio input portion 7704, audio 
output portion 7705, operation key 7706. extemal con- 
nection port 7707 and antenna 7708. A light-emitting de- 
vice having an organic light-emitting element according 
to the invention is used to manufacture the display por- 
tion 7703. When the display portion 7703 displays white 
characters against a black background, the power con- 
sumption of the portable telephone can be suppressed 
low. 

[0134] Fig, 8A shows a double-sided emission type 
note type personal computer and the note type personal 
computer Includes a keyboard 801 , display portion 802 
and so on The characteristic point of the note type per- 
sonal computer is in that as shown in Fig. 8B both emis- 
sions 803 and 804 to a front surface and to a back sur- 



face are made possible. This can be achieved by apply- 
ing the light-emitting device having a double-sided emis- 
sion type structure according to the Invention shown in 
for instance Fig. 6B to the display portion 802. When 

5 thus configured, as shown in Fig. 8C, even in a state 
where the display portion 802 is closed, by making use 
of emission to a back surface, an image and so on can 
be observed. A direction of opening the display portion 
Is shown with 805. 

^0 [0135] As mentioned above, a range of applications 
of a llght-cmitting device having an organic light-emit- 
ting element according to the Invention is very broad and 
the light-emitting device can be applied to all kinds of 
electric appliances. 

15 

Claims 

1 , An organic llght-emltting element is characterized 
20 in that in the organic light-emitting element In which 

an electroluminescent layer that has at least one 
first emission region and at least one second emis- 
sion region the maximum peak of an emission spec- 
trum of which is located in a longer wavelength side 
25 than the first emission region is disposed between 
an anode and a cathode, emission in the second 
emission region is one from a triplet excitation state 
and the second emission region is located apart 
from the first emission region. 

30 

2, An organic light-emitting element Is characterized 
in that in the organic llght-emltting element in which 
an electroluminescent layer that has at least one 
first emission region and at least one second emis- 

35 sion region the maximum peak of an emission spec- 
trum of which is located in a longer wavelength side 
than the first emission region Is disposed between 
an anode and a cathode, emission in the second 
emission region is one from a triplet excitation state 

^0 and the second emission region is located apart 
from the first emission region; and 

the second emission region is constituted of 
a host material and a guest material that exhibits 
emission from a triplet excitation state. 

45 

3, An organic light-emitting element is characterized 
in that in the organic light-emitting element In which 
an electroluminescent layer that has at least one 
first emission region and at least one second emls- 

50 sion region the maximum peak of an emission spec- 
trum of which is located in a longer wavelength side 
than the first emission region is disposed between 
an anode and a cathode, emission in the second 
emission region Is one from a triplet excitation state 

55 and the second emission region is located apart 
from the first emission region: and 

the emission from the first emission region is 
one from a singlet excitation state. 
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4. An organic light-emitting element is characterized 
in that in the organic light-emitting element in which 
an electroluminescent layer that has at least one 
first emission region and at least one second emis- 
sion region the maximum peak of an emission spec- s 
trum of which is located in a longer wavelength side 
than the first emission region is disposed between 

an anode and a cathode, emission in the second 
emission region is one from a triplet excitation state 
and the second emission region is located apart io 
from the first emission region; and 

the second emission region is constituted of 
a host material and a guest material that exhibits 
emission from a triplet excitation state; and 

the emission from the first emission region is is 
one from a singlet excitation state. 

5. An organic light-emitting element is characterized 
in that in the organic light-emitting element in which 

an electroluminescent layer that has at least one 20 
first emission region and at least one second emis- 
sion region the maximum peak of an emission spec- 
trum of which is located in a longer wavelength side 
than the first emission region is disposed between 
an anode and a cathode, emission in the second 25 
emission region is one from a triplet excitation state 
and the second emission region is located apart 
from the first emission region; and 

the first emission region is one that includes 
a host material and one kind or a plurality of guest 30 
materials that exhibits emission from a singlet exci- 
tation state. 



than the first emission region is disposed between 
an anode and a cathode, emission in the second 
emission region is one from a triplet excitation state 
and the second emission region is located apart 
from the first emission region; 

the first emission region Is located toward an 
anode more than the second emission region; and 

between the first emission region and the sec- 
ond emission region, a hole block layer made of a 
hole block material that has an ionization potential 
larger than a substance having the largest ioniza- 
tion potential of substances contained in the first 
emission region is disposed. 

8. An organic light-emitting element described in claim 
7 is characterized in that a value of the ionization 
potential of the hole block material is 0.4 eV or more 
larger than a value of the ionization potential of a 
substance that has the largest ionization potential 
of substances contained in the first emission region. 

9. An organic light-emitting element described in any 
one of claims 1 to 7 is characterized In that a dis- 
tance between the first emission region and the sec- 
ond emission region is 1 nm or more and 30 nm or 
less. 

10. An organic light-emitting element described in any 
one of claims 1 to 7 Is characterized In that an 
emission spectrum in the first emission region has 
at least one peak in a region of 400 nm or more and 
500 nm or less. 



6. An organic light-emitting element is characterized 

in that in the organic light-emitting element in which 35 
an electroluminescent layer that has at least one 
first emission region and at least one second emis- 
sion region the maximum peak of an emission spec- 
trum of which is located in a longer wavelength side 
than the first emission region is disposed between 40 
an anode and a cathode, emission in the second 
emission region is one from a triplet excitation state 
and the second emission region is located apart 
from the first emission region; and 

the second emission region is constituted of 45 
a host material and a guest material that exhibits 
emission from a triplet excitation state; and 

the first emission region is one that includes 
a host material and one kind or a plurality of guest 
materials that exhibits emission from a singlet exci- so 
tation state. 

7. An organic light-emitting element is characterized 
in that in the organic light-emitting element in which 
an electroluminescent layer that has at least one 
first emission region and at least one second emis- 
sion region the maximum peak of an emission spec- 
trum of which Is located In a longer wavelength side 



11- An organic light-emitting element described in any 
one of claims 1 to 7 is characterized in that an 
emission spectrum in the first emission region has 
at least two peaks in a region of 400 nm or more 
and 560 nm or less. 

12. An organic light-emitting element described In any 
one of claims 1 to 7 is characterized in that an 
emission spectrum in the second emission region 
has at least one peak in a region of 560 nm or more 
and 700 nm or less. 

13. An organic light-emitting element described in any 
one of claims 1 to 7 is characterized in that an 

emission spectrum in the first emission region has 
at least one peak in a region of 400 nm or more and 
500 nm or less; and 

an emission spectrum in the second emission 
region has at least one peak in a region of 560 nm 
or more and 700 nm or less. 

14. An organic light-emitting element described in any 
one of claims 1 to 7 is characterized in that an 
emission spectrum in the first emission region has 
at least two peaks in a region of 400 nm or more 
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and 560 nm or less; and 

an emission spectrum in the second emission 
region has at least one peak in a region of 560 nm 
or more and 700 nm or less. 

5 

15. An organic light-emilling element described in any 
one of claims 1 to 7 is characterized in that the 
emission in the first emission region includes exci- 
mer emission. 

10 

16. An organic light-emitting clomcnt described in any 
one of claims 1 to 7 is characterized in that the 
emission in the second emission region is one from 
an organometallic complex. 

15 

17. An organic light-emitting element described in claim 
16 is characterized in that the organometallic 
complex has iridium or platinum as a central metal. 

20 
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